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EDITORIAL
3
Estimadosleitores
Honrandoocompromissoquetemosconvosco, voltamosàvossapresençacomapublicaçãoda16ªEdiçãodanossarevista
“NeutroàTerra”. Aoterminarumanoquefoi difícil, masqueaomesmotempopermitiupodermosviversemaTroika,
esperemosquepormuitotempo,ouparasempre,aindustriaeletrotécnicaquenãoesteveimuneàsdificuldadesquetodos
sentiram, manteveapesardetudoumadinâmicamuitoapreciável. Noâmbitodanossarevista, estadinâmicafez-sesentir
fundamentalmentenointeressequealgumas empresas dosetor eletrotécnicomanifestarampelas nossas publicações,
demonstrandovontadeemcolaborarconnosconãosócomapublicaçãodeartigostécnicos, mastambémcolaborandono
desenvolvimentodeassuntostécnico-científicosemqueváriosdosautoresdanossarevistaseencontramenvolvidos.
Umfactoimportante,quesedevedestacar,éocrescimentoexponencial quesetemverificadodaprocuraevisualizaçãoda
revista“NeutroàTerra”umpoucoportodoomundo, destacando-senestecasoosEstadosUnidos. Assim, mantemoso
compromissodepublicarumartigodenaturezamaiscientíficaemlínguaInglesa, nestaediçãouminteressanteartigosobre
Transformadores,“TypesandConstructionofPowerTransformers”,daautoriadoEngenheiroManuelBolotinha.
Aindanumâmbitomaiscientífico,destaca-seapublicaçãodoartigo“RequisitosdoProjetoElétricodeMotoresdeInduçãopara
AcionamentoporVariadordeVelocidade”,daautoriadoDoutorHenriqueGonçalves,uminvestigadorsobreoassuntoeque
tambémexerceassuasatividadesnaWEG–EuroIndustriaElétrica,SA.
Nestaediçãodarevistamerecemparticular destaquevários assuntos quecorresponderamatrabalhos deinvestigação
realizadosnoISEP,muitosdelesemcolaboraçãocomváriasEmpresas,tendováriosdelescorrespondidoatrabalhosrealizados
noâmbitodedissertaçõesdemestrado.
Destacam-seaindaapublicaçãodeoutrosinteressantesartigosnoâmbitodasInstalaçõesElétricas(Interruptoresmecânicos
parainstalaçõeselétricasfixas,domésticaseanálogas),noâmbitodasTelecomunicações(ITUR2–Dimensionamentodasredes
decaboscoaxiais),noâmbitodaSegurança(NFPA850.Firetraceeosfogosemturbinasdevento)enoâmbitodaGestãode
EnergiaedaEficiênciaEnergética,comumartigosobretecnologiasdeproduçãodefrioeoutrosobrereduçãodeconsumosde
energiaelétricanailuminaçãopública.
Estandocertoqueestaediçãodarevista“NeutroàTerra”apresentaartigosdeelevadoníveltécnicoecientífico,comelevado
interesseparatodososprofissionaisdosetoreletrotécnico,satisfazendoassimnovamenteasexpectativasdosnossosleitores,
apresentoosmeuscordiaiscumprimentosedesejoatodosumBomAnode2016.
Porto, 29 dezembro de 2015
José António Beleza Carvalho 
4www.neutroaterra.blogspot.com
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I. Introduction
Transformers may be classified according to dielectric
insulationmaterialasfollows:
• Oil-filledtransformers
• Drytypetransformers
II. Oil-filledTransformers
Twotypesofoil-filledtransformersarecommonlyused:
• Withexpansiontank(conservator)
• Sealed
Inthistypeoftransformerswindingsandcoreareimmersed
inoil, inatankwithradiators; oil playsbothfunctionsof
insulatingmaterialandcoolingfluid.
Common applications of oil-filled transformers with
conservatorare:
• Asstep-uptransformersinpowerplants.
• Asstep-downtransformersinEHV/EHV,EHV/HVand
HV/MVutilitiessubstations(primaryvoltagesabove
52kV).
• As step-downtransformers inHV/MVor MV/MV
industrialplantssubstations,withratedpowerabove
2.5MVA.
Oil-filled sealed transformers (without conservator) are
mainly used in distribution networks (MV/LV) and in
installationsupto52kV,witharatedpowerupto2.5MVA,
althoughsomemanufacturesbuiltthistypeoftransformers
upto30MVA.
Thedegreeof protection(IP) providedbythetankallows
thatbothtypesoftransformerscanbeinstalledoutdoors.
III. DryTypeTransformers
Drytypetransformerspresentthemostsuitablesolutionin
situationswherethedistributionofenergyrequiresabsolute
safetyandenvironmental friendliness. Thesetransformers
requirelessmaintenancethanoil-filledtransformers, more
safetoenvironmentandhavelowfirehazard.
Windingsandcorearenotinstalledinatankandinsulation
ofwindingsisusuallymadeofcastresin.
Theypossesslessspace,about2/3ofthatofcorresponding
oil filledtransformers, andtheirsimpleconstructionallows
on-sitereplacementofwindings.
Manuel Bolotinha
Engenheiro Eletrotécnico -Consultor
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Dry type transformers are only suitable for indoors
installationbecausethedegreeof protectionprovidedby
enclosureisIP00andareusuallyemployedondistribution
networksandininstallationswithvoltagesupto52kVand
ratedpowerupto2.5MVA, althoughsomemanufactures
builtthistypeoftransformersupto50MVA.
Typicaluseofdrytypetransformersis:
• Multi-storeybuildings
• Hotels
• Malls
• Hospitalsandclinics
• Airports
• Mines
• Otherplaceswherefiresafetyisagreatconcern
IV. GasInsulatedTransformers(GIT)
Risingdemandforelectricpowerinlargecities,lackofspace
toconstructnewsubstationsorupgradeexistingsubstations
andadverseenvironmentconditionshasencouragedlarge-
scale substations to be tucked away underground in
overpopulatedurbanareas, leadingtostrongdemandfor
incombustible and non-explosive, large-capacity gas
insulatedtransformers fromtheviewpoint of accident
preventionandcompactnessofequipment.
Inlinewiththisrequirement,severaltypesoflarge-capacity
gasinsulatedtransformershavebeendeveloped, beingSF6
themostcommongasused.
Becausethegasforcedcoolingtypewasconsideredtobe
availableuptoapproximately60MVA, all of thesegas
insulatedtransformersareliquidcooled.
ThemainadvantagesofGITare:
• Nonflammable(gas insulatedtransformers, using
incombustibleSF6gasasaninsulationandcooling
medium).
• Explosion-proof tank (pressure tank withstands
pressureriseincaseofinternalfault).
• Compactness (sinceconservator or pressurerelief
equipment isnot necessary, height of transformer
roomcanbereducedapproximately2-2.5meters).
• Easyinstallation(oil orliquidpurifyingprocessesare
notnecessarywithgasinsulatedtransformers).
• Easyinspectionandmaintenancework(onlySF6gas
pressureneedbebasicallymonitoredduringperiodic
inspection).
Sincegasinsulatedtransformersdonotneedaconservator,
theheightoftransformerroomcanbereduced.Inaddition,
itsnon-flammabilityandnontank-explosioncharacteristics
canremovefirefightingequipmentfromtransformerroom.
Asaresult, gasinsulatedtransformers, gasinsulatedshunt
reactor,GISandcontrol panelscanbeinstalledinthesame
room, and such installation realizes the fully SF6 gas
insulatedsubstation.
V. TwoandThreeWindingsTransformers
Usuallytransformershavetwowindings,theprimaryandthe
secondary.
However,inHVandEHVsubstations,withvoltagesabove52
kV, powertransformersmayhaveathirdwinding, witha
ratedvoltageof7kVor11.5kV.
Thiswindingisusedforharmoniccompensation, toreduce
theunbalancingintheprimaryduetounbalancinginthree
phaseloadandtoredistributetheflowoffaultcurrent.
ItiscommonpracticetousethisthirdwindingtoLVauxiliary
servicespowertransformer.
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VI. SinglePhaseTransformersandAutotransformers
Forvoltagesabove123kVandforhighvaluesofratedpower
(usuallyabove100MVA),forhandlingandeconomicreasons
itisusualtousesinglephasetransformers.
Insuchasituationthethreesinglephasetransformersmust
workasawhole,sincetheyarerelativelyinterdependent.
Thewindings(bothprimaryandsecondary) of thethree
singlephasetransformersmust beconnectedtogetherin
“star”orin“delta”.
A special case of single phase transformers are
autotransformersthathaveonesinglecoreandwinding.
Themainadvantagesofanautotransformercomparedtoa
commonsinglephasetransformerare:
• Moreeconomic andeasier tohandle(only one
winding and for the same rated power the
dimensionsandtheweightarelower).
• Moreefficient (losses byJouleeffect arelower,
becausethereisonlyonewinding).
• Lowervoltagedrop, beingabletokeepthevoltage
morestable.
Incontrastthemajordisadvantagesare:
• Primaryandsecondarywindings arenot isolated
fromeachother.
• Astheinternal voltagedropislower, incaseof a
short circuit thefault current is higher, causing
higherelectrodynamicsstressinthewindings,which
bybeacauseofageing.
VII. DissociatedPhasesTransformers
Anotherconstructionsolutionforvoltagesabove123kVand
for highvaluesof ratedpower isthedissociatedphases
transformer, formedby three single-phasetransformers
within a common enclosure, where are made the
connections of the three transformers and where the
bushingsareassembled.
Theconservator, thecoolingsystemandtheon-loadtap
changer may be also assembled at that enclosure or
assembledseparately.
VIII. Zig-Zag&GroundingTransformers
Neutral groundingof transformers andtransmissionand
distributionnetworksmaybe:
• Solidgrounded
• Groundedthroughanimpedanceoraresistance
• Ungrounded
When it is required to connect the neutral of the
transformerstotheground,(solidorthroughanimpedance
oraresistance) andwhenat thesideit isdesignatedto
groundtheneutral thewindings are“delta” connected
(usuallyMV/LVpower transformers), inorder toachieve
neutral groundingisnecessarytoformanartificial neutral
point.Thisisachievedusingazigzaggroundingtransformer.
Load
Single Core Series 
Winding
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